The combination of Auger electron spectroscopy (AES) and secondary ion mass spectrometry (SIMS) can successfully distinguish between four types of carbonaceous deposits which may be present on a catalyst: molecular, carbidic, amorphous and graphitic carbon. Differences between Rh, Ir, and Pt with respect to carbon deposition from C,H, are discussed and correlated with catalytic properties of the metals. . Auger spectra were measured in differential mode by using a 4.5pA beam of 2 keV electrons, with a spot diameter of 0.5 mm. In order to reduce possible effects of electron-induced alterations in the carbonaceous layers, the electron beam was defocused. SIMS spectra taken before and after measurement of Auger spectra were virtually identical, indicating that the effect of electron-beam induced damage was small. SIMS spectra were measured with a 50nA beam of 1 keV Arf ions, which was rastered over the sample. The total exposure of the sample was <4x lOi Ar+/cm', corresponding to a few per cent of a monolayer. The substrate metals were high purity rhodium, iridium and platinum foils of 15 x 5 x 0.1 mm, spotwelded on tantalum wires. The temperature was monitored by a chromel/alumel thermocouple spotwelded on the back of the sample. The foils were cleaned by applying several cycles of 5 keV Ar+ sputtering and annealing at lOOOK.
The metal foils were exposed to 0.5 Torr ethylene (Messer Griesheim, research grade purity) at temperatures between 325 and 775 K for 5min in a separate reaction chamber9. After reaction, the foil was cooled to room temperature, evacuated to about 10m6 Torr and next transferred to the main chamber for AES and SIMS analysis.
RESULTS
Auger spectroscopy can distinguish between molecular or carbidic carbon on the one hand, and graphitic or amorphous carbon on the other. To illustrate this the two different Auger spectra of these types of carbon are shown in Figure I , along with the spectra of the substrate metals considered in this paper. In general, the Auger spectrum of a carbonaceous deposit on a metal is a combination of three spectra: two of carbon and one of the substrate. Note that, in particular with Pt and Rh substrates, the characteristic fine-structure of the carbon Auger spectra between 240 and 265eV interferes with features in the spectra of the metals. The carbon Auger structure in the energy range between 265 and 285eV, however, is not affected by features from the metals. Hence, visual inspection of this part of the Auger spectrum can be used to draw qualitative conclusions on the type of carbon in the deposit',".
A more quantitative interpretation can be obtained by fitting the spectrum of a carbonaceous deposit on a metal with a linear combination of the appropriate base spectra from Figure I . The implicit assumption here is that changes in the spectra of the constituents due to chemical interactions can be ignored. It is not a prioriclear that this requirement is fulfilled, as all Auger transitions of Rh, Ir, Pt, and C in the energy range between 200 and 300eV involve valence electrons. Nevertheless, the approach has been used successfully before in spectrum subtraction techniques5-lo, and also in this study the tits appeared to be of acceptable quality.
As an example of the AES analysis, Auger spectra of the Pt foil after treatment in 0.5 Torr C,H, at three different
The carbon coverage, indicated as a fraction of a monolayer, has been derived from the intensity ratio of the C peak at 273 eV and the Pt peak at 237eV, by assuming that one monolayer corresponds to a ratio I(C)/I(Pt) of 2.8i. This method of estimating the carbon coverage is, although commonly applied, only approximately correct, as the carbon peak shape is not identical in all spectra. Nevertheless, the values are sufficiently accurate to justify the conclusion that the amount of carbon deposited on Pt increases with increasing reaction temperature.
Similar Auger experiments as with Pt have been done with Rh and Ir substrate foils. All spectra have been analysed by fitting them with a linear combination of the base spectra shown in Figure I . The results are given in Tub/e 1. For all substrate metals the amount of carbon deposited from ethylene, and the fraction amorphous/graphitic carbon
(indicated as "/dag in Table I ) in the deposit increase with increasing reaction temperature.
At each reaction temperature used, the amorphous or graphitic fraction of the carbon is the highest for Pt and the lowest for Rh, with Ir in between.
As described above, AES cannot easily distinguish between molecular and carbidic carbon, or between amorphous and graphitic carbon. An important difference between these types of carbon is their hydrogen content.
As SIMS is among the few surface sensitive techniques which are capable of detecting hydrogen, SIMS spectra are expected to supply information on the hydrogen content of the deposits. The graphitization parameter g suggests that the amount of graphitic carbon on Pt is larger than on Ir. The hydrogen content for both deposits, however, is almost the same.
It is interesting to compare the properties of the metals with respect to carbon deposition with their catalytic properties. The SIMS data in Figure 3 and 
